The morphogenesis of a type I foamy agent (strain MK5) propagated in HEp2 cells was examined using ultrathin sections. The virus consisted of a nucleoid (350 .~) surrounded by two shells 6o0 ]~ and 900 ~, in diameter. The inner shell and the nucleoid (together making a spherical internal component) appeared in the cytoplasm and by budding became enveloped by a morphologically altered cell membrane which bore projections. The staining properties of the virus depended on the method of fixation. Inclusions seen in infected cells are described. Strain MK 5 was indistinguishable morphologically from a strain of type 2 foamy virus.
INTRODUCTION
Cultures of monkey kidney tissue often spontaneously produce multinucleate cells which subsequently develop a foamy appearance due to the formation of large vacuoles. This degeneration was shown by Rustigian, Johnston & Reihart (1955) to be due to a transmissible agent which Brown (1957) found to be filterable. Methods of isolation and biological properties of a number of these foamy agents have been described (Malherbe & Harwin, 1957; Ruclde, 1958; Hummer, 1962) and they were shown to belong to at least three serological groups (Johnston, I96I ; Stiles, Bittle & Cabasso, 1964) . Clarke & Attridge (1968) examined a representative strain from each of three groups by negative-staining techniques and showed that the standard virus particle in each case was I IOO ~ in diameter and consisted of an envelope with projections 125 ,~ long and a spherical inner component. Negative staining, however, gave no information about the site of formation of the internal component of the virus, or about the process of virus maturation. In this investigation these aspects of virus production are examined using ultrathin sections.
METHODS
Viruses. An agent (strain MK5) which was isolated from a culture of rhesus monkey kidney (Clarke et al. I967) and later shown to be a type I foamy agent (Clarke & Attridge, 1968) was used for most experiments. Strains of foamy agents types I and 2 obtained from Dr V. J. Cabasso of Ledede Laboratories, Pearl River, N.Y., U.S.A., were also examined. The propagation of these agents in HEp2 cells was described by Clarke & Attridge (1968) . Virus-infected cells were harvested when most of them showed a cytopathic effect and many had fallen off the glass. Cells still attached to the glass were removed by a rubber 'policeman' and all cells were collected by centrifugation.
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J.K. CLARKE, J. T. ATTRIDGE AND F. W. GAY Electron microscopy. Sedimented ceils were fixed with 2 % glutaraldehyde in phosphate buffer p H 7"2 for I hr followed by 1 % osmium tetroxide in water for I hr at o ° or by 1 % osmium tetroxide in phosphate buffer p H 7"2 for different periods at o °. The cells were dehydrated in alcohol and embedded in ' M a r a g l a s ' by standard techniques. All sections were stained with uranyl acetate for IO min. followed by lead citrate for 5 min. and examined using an A E I electron microscope, type EM6B.
RESULTS
When strain MR5 was propagated in HEp2 cells and harvested at a late stage o f infection, virus was found in about IO % of ceils. It was seen to be a budding virus in which a spherical internal component became enveloped by a cell membrane and gave rise to a spherical extracellular virus particle which, since it was not seen to undergo any further development, was considered to be a mature particle.
Structure of mature particles
W h e n fixed with osmium for 15 rain. these were target shaped, with a central densely stained nucleoid 350 ~ in diameter. The nucleoid was surrounded by two shells about 600 A and 900 ~, in diameter (P1. I a). The inner shell plus the nucleoid comprise the internal component while the outer shell is referred to as the envelope. When fixed in glutaraldehyde+osmium (P1. Ib) the appearance of the virus differed in some respects: the nucleoid appeared to be more densely stained at the periphery than at the centre and the outer part of the envelope was seen to be composed of radial projections.
The budding process
The majority o f viruses were seen as budding particles. These v~ere found mainly at the plasma membrane (P1. I c, d, e; P1. 2a, b) but some cells had vacuoles which contained a few mature particles and were surrounded by budding internal components (PI. 2 c).
At (e) Fixed by glutaraldehyde and osmium. Villi, budding virus and apparently mature particles are seen, One villus sectioned longitudinally with a budding particle at the tip is seen to have a constriction immediately behind the virus (arrow). In this particle the inner shell is risible while in others it is represented only as a clear zone. (a) Virus is seen budding at the plasma m e m b r a n e which is continuous with the virus envelope. The nucleoid and the inner shell appear as a single structure more densely stained at the inner surface. The morphogenesis of simian foamy agents I8 5 appeared to thicken (P1. I C). In the best resolved preparations fixed with glutaraldehyde and osmium this was seen to be due to the presence of projections on the outer surface (P1. 2a, b). These were clearly distinguishable from the plasma membrane which no longer had a normal unit membrane structure but appeared as a single densely stained line separated from the projections by an electron-transparent space (P1. 2b). In preparations fixed by osmium for 15 rain. the membrane and projections, which together comprise the envelope, were less well resolved (PI. I c): the cell membrane was seen to be continuous with the virus envelope but the unit membrane structure was no longer visible after the point of contact with the internal component. In a few particles the central electron-transparent layer of the unit membrane structure could be traced into the virus envelope but the outer leaflet merged with the projections while in the normal position of the inner leaflet an ill defined electron-dense layer was seen (P1. I C). After 3o rain. fixation by osmium the envelope was seen as poorly defined projections under which was an unstained space and a densely stained line (PI. I d). The latter was in close contact with the internal component. The envelope projections were 120 A long. They were not widely distributed along a membrane but were confined to that part of it immediately adjacent to an internal component. Occasionally they were seen in the apparent absence of an internal component but this result was probably obtained when a maturing particle was sectioned eccentrically.
The envelope of mature virus particles could not be distinguished morphologically from altered cell membranes in contact with internal components.
When projections were present on a membrane the latter was usually evaginated (P1.2 a). These evaginations frequently became elongated to form villi. These were seen in large numbers when some infected cells were sectioned tangentially (PI. I e). Single sections showed villi with budding virus interspersed with apparently free virus, but serial sections indicated that many, though not all, of the 'free' virus particles were connected to cells by villi and that the majority of villi had budding particles at the tip. Villi sectioned longitudinally usually had a constriction immediately behind the virus. Constrictions were also seen in short evaginations even when two or more particles were budding at the same point (P1. I c).
Virus particles seen at any stage of the budding process invariably had complete internal components.
Internal components
Internal components consist of a nucleoid and a shell and the appearance of both was affected by the method of fixation. The nucleoid stained homogenously when fixed with osmium for 15 min. (P1. ia, c) but after 3o min. the centre had partly reared (P1. I d). Glutaraldehyde+ osmium also tended to clear the centre of the nucleoid but to a variable extent and some particles were seen to have almost homogeneously stained nucleoids (P1. I b) while others had a lightly stained centre with an electron-dense line at the periphery of the nucleoid immediately inside the shell (P1. 2a).
The shell was most clearly defined when fixed for 15 min. with osmium (P1. I a, c) and in these conditions it measured 600 ~, while after 30 min. it had a more hazy appearance but its size was unaltered (PI. I d). Glutaraldehyde and osmium showed the shell as a comparatively lightly stained zone surrounding the nucleoid (P1. 3 a) but it 
Inclusions in infected cells
Infected cells often contained granular material. This was usually present in localized areas of the cytoplasm but in some cells it almost entirely replaced the normal cytoplasm and in this case was often traversed by clear zones (P1. 3 b), which were sometimes continuous with normal endoplasmic reticulum. A small part of this granular material appeared to condense into either internal components (P1. 3 a) or into an array of tubules (PI. 3b). Occasionally both tubules and internal components were seen in the same field (P1. 4a). Crescent shaped structures were seen near complete internal components and granular material (PI. 4a).
The tubules had a diameter of 175 + 25 .~ and appeared as parallel rows of electrondense material when cut longitudinally. In transverse section they were seen to be tubes which were sometimes arranged in hexagonal arrays (PI. 3b). They were occasionally found beside centrioles (P1. 4a).
A body composed of parallel rows of densely stained material was seen once (P1. 4b). Spherical structures appeared to be forming from it laterally. These structures resembled internal components but were marginally smaller with a diameter of about 400 ~,.
At a later stage of degeneration cells were seen in which the cytoplasm was largely or entirely replaced by a mixture of granular material, internal components, mature particles and small vacuoles. Virus particles with more than one internal component were also seen (P1. 5). No virus has been seen in the nucleus (PI. 2c; PI. 5a).
Other foamy agents
Prototype strains of types I and z foamy agents grown in HEpz cells were examined. They could not be distinguished from strain MK5 either by their morphology or mode of maturation.
DISCUSSION

Formation of internal components and inclusions
Two steps can be postulated in the morphogenesis of simian foamy agents: the formation of internal components and their subsequent envelopment to form mature particles. The first of these processes occurs in the cytoplasm where complete internal components (PI. 3a; PI. 4a) and an occasionally incomplete one (P1. 4a) are closely associated with granular material and appear to condense from it. While it has not been shown that the structures formed in the cytoplasm migrate to a membrane, no morphological distinction can be made between them and the internal components of budding particles. The conclusion that they are identical is consistent with the failure to find incomplete internal components in budding particles, that is, most internal components must be formed at a site other than the point of budding. The relationship of internal components to the structures formed laterally from rows of electron-dense material (P1. 4b) requires investigation. This may be difficult because they are not often seen.
The nature of the tubules seen in some infected cells is unknown. They appear to 
Envelopment of virus
That part of a cell membrane adjacent to an internal component evaginates, changes morphologically and becomes part of the envelope. Similar morphological changes in the membranes of cells were noted in other virus infections (Colobert & Berkaloff, I964; Compans et al. I966) , and Duc-Nguyen & Rosenblum (I967) suggested that the increased electron-density is due to the deposition of unsaturated lipid chains since these react with osmium tetroxide. Since the electron-dense line is about 70 k thick it could include all of the original membrane (PI. 3 b). In a few particles fixed with osmium, however, the central electron-transparent zone of the membrane can still be seen at an early stage of the budding process (P1. r c) so the membrane change is either incomplete at this stage or the inner leaflet corresponds to the dense line seen with glutaraldehyde and osmium fixation while the outer leaflet is lost or incorporated into the projections.
Mature virus
Virus which had completed the budding process was referred to as 'mature': thus mature virus was seen outside the cell (P1. I b), in vacuoles and in the cytoplasm of severely damaged ceils (P1. 5). The standard particles measured 900 .~ and the internal component 6oo .~, which differs to some extent from the size estimated by negative staining techniques, i.e. I IOO q-IOO A and 725 + 25 .~ respectively (Clarke & Attridge, I968) . The general morphology, however, is consistent in both cases so the discrepancy must be accounted for by either an overestimation of the size of the standard particles by negative staining due to spreading during the drying process or by shrinking of the particles during processing for the preparation of sections.
Virus particles with more than one internal component were seen by negativestaining techniques (Clarke & Attridge, i968 ) and it is likely that these form by the release of adjacent budding particles before the individual internal components have formed standard particles (P1. I c). Ultrathin sections also show some virus particles with more than one internal component both outside the cell (Clarke & Attridge, unpublished results) and in the cytoplasm (P1.5) where they were probably formed by budding into a vacuole which subsequently disintegrated, since no particles were seen to mature by budding out of vacuoles.
Comparative morphology
The type of nucleic acid possessed by simian foamy agents has not been unequivocally determined and the viruses may even be heterogeneous in this property (Roger et aL I967) so an attempt at classification is premature; nevertheless consideration of the morphology (Clarke & Attridge, I968) and morphogenesis of the simian foamy agents appears to exclude them from all virus groups except the arboviruses and the oncogenic RNA viruses. Failure to exclude foamy agents from the arboviruses may depend only on the lack of morphological studies of many members of this heterogeneous group but the Bittner agent has some properties in common with foamy viruses; thus the A particles of this virus, like the internal components of foamy agents, are approximately 700 .~ in diameter, spherical, form in the cytoplasm (Anon. 1966) and mature by budding through a cell membrane bearing projections (Almeida, Waterson & Drewe I967) . While differences also exist, e.g. the apparent lack of a morphological form of foamy agent comparable to the mature B particle (Anon. I966), these may not ultimately be adequate to distinguish the two groups.
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